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Description

CROSS REFERENCE TO RELATED APPLICARTIONS

[0001] The application claims priority to Chinese Patent Applications with the application numbers 202010564049.5,
202010562124.4, 202010562090.9, 202010561406.2 and 202010561395.8, filed on June 18, 2020, the contents of
which are incorporated herein by reference.

FIELD

[0002] The present disclosure pertains to the technical field of safe storage and transportation of natural gas, and
particularly relates to a hydrate promoter, a hydrate and a preparation method thereof.

BACKGROUND

[0003] The technology of hydrate method storage and transportation of natural gas (SNG) serves to perform safe
storage and transportation of natural gas by forming solid crystal compounds with water under mild conditions. Theo-
retically, 1 m3 of hydrate can store 150-180 m3 of methane. It is characterized in that: (1) the preparation and storage
conditions are mild; for example, the formation pressure of hydrate at 8°C is less than 3.0 MPa, it is reported in the
literatures that the atmospheric pressure storage and transportation can be performed under the temperature of -5°C
to -10°C; (2) the storage and transportation process is safe and reliable; the decomposition rate of a simple gas hydrate
is extremely slow due to the self-protective effect of hydrate, and water phase generated during the decomposition
process causes that the risk of explosion in the storage and transportation process is greatly reduced; (3) the gas quality
requirement is low; the hydrate is insensitive to impurities such as water, heavy hydrocarbons, CO2 and H2S, the
impurities do not affect formation of the hydrate; (4) the application fields of hydrate storage and transportation technology
are widespread.
[0004] CN101672425A with an application number 200810156914.1 discloses a composite hydrate promoter, the
composite hydrate promoter is prepared by mixing cyclopentane or methyl cyclohexane serving as a kinetic promoter
and 2-butyl octyl sodium sulfate serving as a surfactant. However, this type of promoter has a long induction time and
a limited gas storage capacity.
[0005] CN103028353A with an application number 201210544097.3 discloses a preparation method of a degradable
gas hydrate efficient promoter, the promoter is prepared by three substances including rhamnolipid, sodium carbonate
(Na2CO3) and sodium chloride (NaCl) according to a certain ratio. However, this type of promoter has a limited ability
to enhance the generation rate of hydrate, and the patent literature merely formulates the promotion effect of the CO2
hydrate.
[0006] As can be seen, the currently available hydrate promoter still suffers from the disadvantages such as low
generation rate of hydrate. Therefore, it is the problem shall be urgently solved in the art to provide a hydrate promoter
that increases generation rate and gas storage capacity of the hydrate.

SUMMARY

[0007] The present disclosure aims to solve the problems in the prior art of hydrate promoter concerning the low
generation rate and small gas storage capacity of hydrate, and provides a hydrate promoter, a hydrate and a method
for preparing the hydrate, wherein the hydrate promoter is capable of increasing the generation rate and the gas storage
capacity of the hydrate.
[0008] In order to fulfill the above purpose, a first aspect of the present disclosure provides a hydrate promoter,
comprising a component A which is a substance having a group represented by the Formula I below and a surfactant,
wherein a molar ratio of the component A to the surfactant is 1: (0.03-30);
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[0009] In a second aspect, the present disclosure provides a method for preparing a hydrate, the method comprises
contacting a gas in an aqueous system with the hydrate promoter of the first aspect under hydrate formation conditions.
[0010] In a third aspect, the present disclosure provides a hydrate prepared with the preparation method of the second
aspect.
[0011] In a fourth aspect, the present disclosure provides a hydrate comprising the hydrate promoter of the first aspect.
[0012] In the above-mentioned technical schemes, the hydrate promoter comprising a component A of a substance
having the group represented by Formula I and a surfactant exhibits significant promotion effect, the hydrate promoter
can effectively increase generation rate of hydrate and improve the gas storage capacity. In addition, the inventors of
the present disclosure have discovered in research that hydrate promoter in the prior art not only has a problem of small
gas storage capacity of hydrate, but also generates a large amount of air bubbles during the decomposition process of
hydrate, such that gas recovery is hindered and gas recovery rate is low; on the contrary, the hydrate promoter of the
present disclosure not only has high gas storage capacity, but also can inhibit the generation of air bubbles during the
decomposition process of hydrate, provide a high gas recovery rate. The reasons may be that the hydrate formed by
the hydrate promoter of the present disclosure can promote nucleation and growth of hydrate along the wall of a reactor,
and maintain the surface tension of water phase at a level close to that of pure water phase during the decomposition
process of hydrate, thereby inhibiting the generation of air bubbles during the decomposition process of hydrate, in-
creasing the decomposition efficiency of hydrate and the gas recovery rate. The present disclosure desirably overcomes
the disadvantages of the conventional hydrate promoter such as small gas storage capacity and low generation rate of
hydrate, the present disclosure is further capable of suppressing generation of air bubbles and improving gas recovery
rate of the hydrate during decomposition process of the hydrate, as compared to the conventional hydrate promoter,
thus has a favorable application prospect for natural gas storage and transportation with the hydrate.
[0013] It has been confirmed that by applying the hydrate promoter of the present disclosure, the induction time of
hydrate can be merely 1.5min when the generation pressure of hydrate is 7.0MPa; moreover, no obvious air bubbles
appear during the decomposition process of hydrate, and the gas recovery rate reaches 97% after completion of the
decomposition process, and it is discovered by further detection that the surface tension (at a temperature of 298.15K)
of the aqueous phase after the decomposition of hydrate is 68mN/m, which is proximate to the surface tension (71mN/m)
of the pure water phase.

BRIEF DESCRITION OF THE DRAWINGS

[0014]

FIG. 1 illustrates a graph showing changes in the system pressure during the generation process of a hydrate in
Comparative Examples 1-3 and Example 1.
FIG. 2 illustrates a graph showing changes in gas storage capacity during the generation process of a hydrate in in
Comparative Examples 1-3 and Example 1.
FIG. 3 illustrates the conditions of generating air bubbles in the autoclave after the decomposition of hydrate in
Comparative Examples 1-3 and Example 1.

DETAILED DESCRPITION

[0015] The terminals and any value of the ranges disclosed herein are not limited to the precise ranges or values,
such ranges or values shall be comprehended as comprising the values adjacent to the ranges or values. As for numerical
ranges, the endpoint values of the various ranges, the endpoint values and the individual point value of the various
ranges, and the individual point values may be combined with one another to produce one or more new numerical
ranges, which should be deemed have been specifically disclosed herein.
[0016] In a first aspect, the present disclosure provides a hydrate promoter, comprising a component A which is a
substance having a group represented by the Formula I below and a surfactant, wherein a molar ratio of the component
A to the surfactant is 1: (0.03-30);
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[0017] The inventors of the present disclosure have discovered in research that hydrate promoter in the prior art not
only has a problem of low generation rate and small gas storage capacity of hydrate, but also frequently generates a
large amount of air bubbles during the decomposition process of hydrate, such that the gas recovery is hindered and
the gas recovery rate is low; on the contrary, the hydrate promoter components provided by the present disclosure
comprise a penicillin compound and/or a cephalosporin compound, it can have a high generation rate of hydrate and a
high gas recovery rate.
[0018] According to the present disclosure, the molar ratio of the component A and the surfactant is 1: (0.03-30), and
the molar ratio may be a ratio of 1 relative to the following numerical values, for example, 0.03, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, and a ratio between 1 and a random value between any two numerical values of 0.03-30.
[0019] According to the present disclosure, with respect to the group represented by Formula I

, the reference signs "-" marked by 1, 2 are chemical bonds, instead of methyl.
[0020] In order to further reduce the induction time of hydrate, further increase the nucleation and formation rate of
hydrate, further suppress the generation of air bubbles during the decomposition process of hydrate, and further increase
the gas recovery rate of hydrate, a mass ratio of the component A to the surfactant is preferably 1: (0.1-10), and the
mass ratio may be, for example, a ratio of 1 relative to the following numerical values: 0.1, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10, and a ratio between 1 and a random value between any two numerical values of 0.1-10. Preferably, the mass
ratio of the component A to the surfactant is 1: (0.1-5); the mass ratio may be, for example, a ratio of 1 relative to the
following numerical values: 0.1, 0.3, 0.9, 1.2, 1.5, 1.8, 2.1, 2.5, 3.0, 3.5, 4.0, 4.5, or 5, and a ratio between 1 and a
random value between any two numerical values of 0.1-5.
[0021] In accordance with the present disclosure, besides the group -COO-, the cyclic structure having N and S in
Formula I may have other substituted groups, and the positions of substitution may have many options, the desired
inventive effect can be obtained as long as the substance having the group represented by Formula I and the surfactant
are combined in a specific ratio according to the present disclosure. For the substance having the group represented
by Formula I, the number of backbone atoms in the cyclic structure having N and S in Formula I may have many options,
for example, 4-10 member ring, i.e., 4 member ring, 5 member ring, 6 member ring, 7 member ring, 8 member ring, 9
member ring, 10 member ring. The substitution positions of the group -COO- can also have many options, for example,
the substitution position may be an ortho-position or a meta-position relative to the N atom of the ring in the cyclic
structure having N and S, 3-site, 4-site, 5-site, 6-site, 7-site, or other random substitution position. In order to further
shorten the induction time of hydrate, further improve the nucleation and formation rate of hydrate, further suppress the
generation of air bubbles during the decomposition process of hydrate, and further improve the gas recovery rate of
hydrate, it is preferred that the cyclic structure having N and S in Formula I is a 4-8 member ring, the group -COO- is
located at the ortho-position or meta-position relative to the N atom of the ring in the cyclic structure having N and S.
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[0022] According to the present disclosure, the cyclic structure having N and S in Formula I comprises C, N and S
shown in Formula I, the remaining backbone atoms may be backbone atom C, N, O, S present in any manner. Preferably,
the remaining backbone atoms of the cyclic structure having N and S in Formula I are C atoms. C-C in Formula I can
be present either as a saturated bond or an unsaturated bond, and further preferably, the cyclic structure having N and
S in Formula I is a saturated 4-8 member ring or a 4-8 member ring having 1-3 C-C unsaturated bonds.
[0023] According to the present disclosure, in order to further reduce the induction time of hydrate, further increase
the nucleation and formation rate of hydrate, further suppress the generation of air bubbles during the decomposition
process of hydrate, and further increase the gas recovery rate of hydrate, it is preferred that the cyclic structure having
N and S in Formula I is a 5-6 member ring, and the remaining backbone atoms of the cyclic structure having N and S
are C atom. The group -COO- may be located on a carbon atom at the ortho-position or meta-position relative to the N
atom of the 5-6 member ring, preferably, the group -COO- is located at an ortho-position relative to the N atom of the
ring in the cyclic structure having N and S.
[0024] Further preferably, the component A is selected from cephalosporins compound having a group represented
by Formula II and/or penicillins compound having a group represented by Formula III.

[0025] In the preferred embodiment, the hydrate promoter of the present disclosure can further reduce the induction
time of hydrate, further increase the nucleation and formation rate of hydrate, further suppress the generation of air
bubbles during the decomposition process of hydrate, and further increase the gas recovery rate of hydrate. The reasons
may be that the hydrogenated thiazole ring in the molecular structure of penicillin or the hydrogenated thiazine ring of
cephalosporin compounds of the present disclosure can serve as hydrophobic group to increase the contact with gas
and promote the dissolution of gas at the gas-liquid interface; in the other hand, the nitrogen and sulfur heteroatoms
contained in the hydrogenated thiazole ring or the hydrogenated thiazine ring have rich electrons, which are apt to form
hydrogen bonds with water, further increase the action strength of water and organic gas (methane) at the gas-liquid
interface, thereby promoting the formation of hydrate; in combination with characteristic that the walls of reactor are
conducive to heat transfer, such that the formed hydrate can promote the nucleation and growth of hydrate along the
walls of the reactor, and maintain the surface tension of the water phase at a level close to that of the pure water phase
during the decomposition process of hydrate, thereby inhibiting the generation of air bubbles during the decomposition
process of hydrate, increasing the decomposition efficiency and gas recovery of hydrate. The present disclosure desirably
overcomes the disadvantages of the conventional hydrate promoter such as small gas storage capacity and low gen-
eration rate, the present disclosure can effectively reduce the time for hydrate induction, significantly improve the rate
of hydrate nucleation and formation, and can suppress generation of air bubbles and improve gas recovery rate of the
hydrate during decomposition process of the hydrate, as compared to the conventional hydrate promoter, thus has a
favorable application prospect for natural gas storage and transportation with the hydrate.
[0026] According to the present disclosure, with respect to the groups represented by Formula II
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, the reference signs "-" marked by 3, 4, 5 are chemical bonds, instead of methyl; with respect to the groups represented
by Formula III

, the reference signs "-" marked by 6, 7 are chemical bonds, instead of methyl.
[0027] According to the present disclosure, it is still further preferred that the component A is a cephalosporin compound,
a mass ratio of the cephalosporin compound to the surfactant is preferably 1: (0.1-5), the mass ratio may be, for example,
a ratio of 1 relative to the following numerical values: 0.1, 0.3, 0.9, 1.2, 1.5, 1.8, 2.1, 2.5, 3.0, 3.5, 4.0, 4.5, or 5, and a
ratio between 1 and a random value between any two numerical values of 0.1-5.
[0028] Cephalosporins and penicillins both pertain to the beta-lactam antibiotic compounds, except that parent nucleus
of the cephalosporin antibiotic is 7-aminocephalosporanic acid (7-ACA), i.e., the group -COO- in Formula II

is replaced by the group -COOH.
[0029] According to the present disclosure, the cephalosporin compounds mainly serve to promote nucleation and
growth of hydrate. The cephalosporin compound is selected from the group consisting of a cephalosporin antibiotic
and/or a salt corresponding to the cephalosporin antibiotic. There are various options for the salt corresponding to the
cephalosporin antibiotic. Preferably, the salt corresponding to the cephalosporin antibiotic is at least one selected from
the group consisting of sodium salt, potassium salt and ammonium salt.
[0030] The cephalosporin antibiotic is the partially synthesized antibacterial drug by connecting the cephalosporin
core 7-aminocephalosporanic acid (7-ACA) with different chains. The cephalosporin drugs are currently divided into five
generations according to their antibacterial spectrum, antibacterial activity, stability against β-lactamase and nephrotox-
icity. In accordance with the present disclosure, the desirable results can be produced as long as they belong to the
cephalosporin antibiotic and/or the salt corresponding to the cephalosporin antibiotic. Preferably, the cephalosporin
antibiotic is at least one selected from the group consisting of ceftiomib, cefamandole, cefadroxil, cefadroxime, hydrox-
amitocetin, cefchlorampin, cefalexin, cephalexin monohydrate and cefotaxime; still further preferably, the cephalosporin
antibiotic is at least one selected from the group consisting of cefadroxil, cephalexin, cefchlorampin, cefalexin and
cefotaxime.
[0031] The molecular structural formula of a portion of the cephalosporin antibiotics are shown in the attached Table 1.
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[0032] According to the present disclosure, the penicillin compound is selected from the group consisting of penicillin
antibiotics and/or a salt corresponding to the penicillin antibiotic. There are various options for the salt corresponding to
the penicillin antibiotic, preferably, the salt corresponding to the penicillin antibiotic is at least one selected from the
group consisting of sodium salt, potassium salt and ammonium salt.
[0033] According to the present disclosure, it is further preferred that when the component A is a penicillin compound,
a mass ratio of the penicillin compound to the surfactant is preferably 1: (0.1-5), further preferably 1: (0.1-3), the mass
ratio may be, for example, a ratio of 1 relative to the following numerical values: 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8,
2.0, 2.2, 2.4, 2.6, 2.8, 3, and a ratio between 1 and a random value between any two numerical values of 0.1-3. Still
further preferably, the mass ratio of the penicillin compound to the surfactant is 1: (0.1-1).
[0034] According to the present disclosure, parent nucleus of the penicillin antibiotics is 6-aminopenicillanic acid, i.e.
the group -COO- in Formula III

Table 1

Cephalosporin compounds Molecular structural formula

Mono-hydrate cefchlorampin

 

Cefalexin

 

Cefotaxime

 

Cefadroxil

 

Cephalexin monohydrate
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is replaced by the group -COOH, and the penicillin antibiotics are phenylacetyl derivatives of 6-aminopenicillanic acid.
According to the present disclosure, the penicillin antibiotic is at least one selected from the group consisting of penicillin
G class, penicillin V class, enzyme resistant penicillin, ampicillin class and pseudomonas resistant penicillin; for example,
the penicillin compound can be penicillin G, such as penicillin G potassium, penicillin G sodium, tardocillin-penicillin G,
penicillin, penicillin sodium, benzyl penicillin sodium, penicillin potassium, benzyl penicillin potassium; or penicillin V,
such as phenoxymethyl penicillin, 6-phenoxyacetamidolevulanic acid, penicillin V potassium; or enzyme resistant pen-
icillin: such as benzylpenicillin (oxacillin), cloxacillin; or ampicillins, such as ampicillin, amoxicillin; or pseudomonas
resistant penicillin, such as carbenicillin, piperacillin, ticarcillin.
[0035] In order to further promote the nucleation and growth of hydrate, thereby further reducing the induction time of
hydrate and further increasing the growth rate of hydrate, and further improving the gas recovery rate during the decom-
position process of hydrate, preferably, the penicillin compound is at least one selected from the group consisting of
ampicillin sodium, ampicillin, penicillin potassium, carbenicillin sodium, penicillin sodium and oxacillin sodium.
[0036] Wherein the molecular structural formula of some penicillin compounds are shown in Table 2.

Table 2

Penicillin compounds Molecular structural formula

Penicillin sodium

 

Penicillin potassium

 

Carbenicillin sodium
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[0037] In a preferred embodiment of the present disclosure, in order to further promote the nucleation and growth of
hydrate, thereby further shortening the induction time of hydrate, further increasing the growth rate and gas storage
capacity of hydrate, and further increasing the gas recovery rate during the decomposition process of hydrate, preferably,
the surfactant contains a zwitterionic surfactant and/or a nonionic surfactant; and the surfactant comprises a zwitterionic
surfactant and/or a nonionic surfactant. Further preferably, the surfactant is consisting of a zwitterionic surfactant and
a nonionic surfactant.
[0038] It is further preferred that the component A is selected from the cephalosporin compounds, the surfactant is
consisting of a Tween series polyol type nonionic surfactant and an alkylphenol polyoxyethylene ether nonionic surfactant.
The inventors of the present disclosure have found that when the surfactant is consisting of a Tween series polyol type
nonionic surfactant and an alkylphenol polyoxyethylene ether nonionic surfactant, it can match with the cephalosporin
compounds, significantly improve the growth rate of hydrate and gas storage capacity, and further improve the gas
recovery rate during decomposition process of hydrate, and further shorten the induction time of hydrate.
[0039] According to the present disclosure, the component A is selected from the cephalosporin compounds, a mass
ratio between the Tween series polyol type nonionic surfactant and the alkylphenol polyoxyethylene ether nonionic
surfactant is (0.1-10):1, the mass ratio may be, for example, a ratio of 1 relative to the following numerical values: 0.1,
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 or 10, and a ratio between 1 and a
random value between any two numerical values of 0.1-10; the mass ratio is preferably (0.2-5):1, further preferably
(0.5-2):1, so as to further shorten the induction time, further improve the generation rate and gas storage capacity of
hydrate, and can further reduce the amount of air bubbles generated during the decomposition process of hydrate. More
preferably, the Tween series polyol type nonionic surfactant is one or more selected from the group consisting of Tween
20, Tween 40, Tween 60, Tween 65, Tween 80, and Tween 85 polyol type nonionic surfactant; further preferably, the
alkylphenol polyoxyethylene ether nonionic surfactant is represented by the general Formula

(continued)

Penicillin compounds Molecular structural formula

Oxacillin sodium

 

Ampicillin sodium

 

Ampicillin
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wherein R is selected from C8-C18 alkyl group, n is the addition number of ethylene oxide, and n is an integer selected
from 6-30.
[0040] According to the present disclosure, the component A is selected from the penicillin compounds, and the
surfactant is consisting of a betaine type zwitterionic surfactant and a fatty alcohol polyoxyethylene ether non-ionic
surfactant, it can further increase the generation rate and gas storage capacity of hydrate, and further shorten the
induction time, and further decreases the amount of air bubbles generated during the decomposition process of hydrate.
Preferably, a mass ratio of the betaine type zwitterionic surfactants and the fatty alcohol polyoxyethylene ether non-ionic
surfactants is (0.1-10):1, the mass ratio may be, for example, a ratio of 1 relative to the following numerical values: 1:
0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 or 10, and a ratio between 1
and a random value between any two numerical values of 0.1-10; more preferably (0.2-5):1, further preferably (0.5-2): 1.
[0041] According to the present disclosure, there are many options for the betaine type zwitterionic surfactants. Pref-
erably, the betaine type zwitterionic surfactant is one or more selected from the group consisting of alkyl betaines, alkyl
amide betaines, sulfobetaines, sulfate betaines and phosphate betaines. The general structural formula of the betaine
type zwitterionic surfactants is shown in the Formula

wherein when the group R is substituted by an alkyl group, an alkyl betaine can be obtained, typically an alkyl group of
C12-C14. A modified form of alkyl betaines, such as alkyl amide betaines, can be obtained if the other functional groups
(e.g., ether linkages, hydroxyl groups, amide groups) are introduced into the alkyl chain of R. The zwitterionic surfactants
such as sulfobetaines, sulfate betaines, and phosphate betaines, can be obtained if an acetate group is substituted by
another group.
[0042] According to the present disclosure, the general structural formula of the fatty alcohol polyoxyethylene ether
nonionic surfactants is RO(CH2CH2O)nH; wherein the group R is an alkyl group, n is the addition number of ethylene
oxide, and n is an integer selected from 2-30.
[0043] The inventors of the present disclosure have proposed the following speculation about the mechanism that no
air bubble is generated during the promotion and decomposition processes of the hydrate promoter in regard to the
hydrate.

(1) Before the formation of hydrate, since core component comprises the component A (e.g., a penicillin-type com-
pound and/or a cephalosporin-type compound) of a substance having a group represented by the following Formula I

and the molecular structural formula of the surfactant component comprises both a hydrophilic group and a hydro-
phobic group, thus the hydrophilic groups in the core component and the surfactant molecules stretch into the liquid
phase, while the hydrophobic groups are toward the gas phase, and the lipophilic structure of the hydrophobic
groups is capable of adsorbing an organic gas (e.g., methane) so that the core component has a certain function
of increasing dissolution of the gas, resulting in an increased concentration of the gas at the gas-liquid interface.
(2) Initial formation of hydrate particles. Given that the wall surface of a reactor is conducive to heat transfer, thus
the gas-liquid-reactor wall is the initial formation point of hydrate; unlike the uniform nucleation and growth of the
pure water systems, the hydrate is rapidly nucleated and grown by the action of the above-mentioned hydrate
promoter contained therein; after the presence of the hydrate particles in the hydrate of the system, the core com-
ponent transfers the gas-liquid interface to the surface of the hydrate particles, the hydrophilic groups and lipophilic
groups contained therein are used to induce the continuous and rapid growth of the hydrate particles, and the formed
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hydrate has a porous structure, and the unreacted aqueous phase is rapidly sucked and filled into the hydrate pores
through the capillary force, causing the central part remote from the wall surface to collapse, thereby exhibiting the
wall-climbing phenomenon of the hydrate on the wall surface.
(3) Because the hydrate having a porous structure on the wall surface has a larger contact space with the gas phase,
and it is beneficial to heat transfer through the reactor wall (since the hydrate reaction is an exothermic reaction,
and the rapid removal of heat facilitates the continuous proceeding of the reaction), thus the hydrate exhibits a form
that grows rapidly along the reactor wall under the action of the hydrate promoter, until an end of the reaction;
therefore, the hydrate promoter of the present disclosure is still able to promote the formation of hydrate with a high
generation rate and gas storage capacity under a circumstance without generating air bubbles.
(4) Decomposition and recovery of hydrate. After raising the temperature to the phase equilibrium temperature
corresponding to the pressure of the system, the storage state of hydrate is destabilized, and hydrate is gradually
decomposed from the reactor walls due to the advantage that the reactor walls are conducive to heat transfer, the
decomposed gas phase diffuses to the gas phase space in the system, the decomposed aqueous phase gradually
accumulates to the bottom of the reactor due to the action of gravity, given that the hydrate promoter has a limited
reduction on the surface tension of an aqueous phase, the aqueous phase in the meanwhile still has a high surface
tension, which is close to that of the pure aqueous phase, thereby suppressing generation of air bubbles, the
significant generation of air bubbles is not visible in the disturbance during the process of decomposition and gas
release, such that the decomposition efficiency and gas recovery rate of hydrate can be improved.

[0044] In a preferred embodiment of the present disclosure, the hydrate promoter further comprises an adjuvant
selected from a polysaccharide gum and/or a water-soluble inorganic salt.
[0045] According to the present disclosure, in order to further promote the nucleation and growth of hydrate, thereby
further shortening the induction time of hydrate and further increasing the growth rate of hydrate, and further improving
the gas recovery rate during decomposition process of hydrate, a mass ratio of the component A to the adjuvant is 1:
(0.1-5); that is, a mass ratio of the component A, the surfactant and the adjuvant in the hydrate promoter is 1: (0.1-10):
(0.1-5); preferably 1: (0.1-5): (0.1-5).
[0046] According to the present disclosure, the component A is a cephalosporin compound, the adjuvant is preferably
a polysaccharide gum. The polysaccharide gum refers to highly linear, chain-like macromolecules with or without
branched chain, the branched chain is short, and uniformly or non-uniformly distributed on the chain backbone. A sugar
base forming the polysaccharides may be divided into several groups, it may be neutral, alkaline or acidic sugar base,
with or without charged groups in the sugar base. The chain twisting, empty groups of branched chain, electrostatic
repulsion and bond tension reduce the freedom degree of conformational change of the polysaccharide molecules, a
part of which has higher conformations such as spirals and oval boxes, thus the polysaccharide molecules are less liable
to crystallize and are generally present in an amorphous state. Due to the high spreading degree of the molecules, many
hydrophilic groups are dissociated and exposed, the molecules have high hydrophilicity. Such polysaccharides may be
collectively referred to as polysaccharide gums. In the present disclosure, polysaccharide gums can promote stability
of hydrate, thereby promoting formation of the hydrate.
[0047] The polysaccharide gum may be at least one selected from the group consisting of locust bean gum, guar gum,
tara gum, fenugreek gum, flax seed gum, algin gum, xanthan gum, gum arabic and chitosan; further preferably xanthan
gum. Xanthan gum is a single cell polysaccharide produced by fermentation of the Pseudomonas, it is prepared by using
the carbohydrate contained in Brassica oleracea Xanthomonas as the main raw material, which is treated with the aerobic
fermentation bioengineering technology to cleave 1,6-glycosidic bonds, open the branched chain, and synthesize a
linear chain at 1,4-bonds to form an acidic exopolysaccharide, its molecular structural formula is shown in Formula IV,
and has a weight-average molecular weight of 2-503106. Due to its macromolecular specific structural and colloidal
characteristics, the xanthan gum has various functions, can be used as an emulsifier, a stabilizer, a wetting agent and
the like, and has desirable biodegradability.
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[0048] For the sake of further improving the gas recovery rate during the decomposition process of hydrate, it is
arranged in a preferred embodiment of the present disclosure that a mass ratio of the cephalosporin compound, the
polysaccharide gum and the surfactant is 1: (0.1-1): (0.5-5); further preferably, the mass ratio of the cephalosporin
compound, the polysaccharide gum and the surfactant is 1: (0.3-0.6): (1-5).
[0049] In a preferred embodiment of the present disclosure, in order to further promote the nucleation and growth of
hydrate, thereby further shortening the induction time of hydrate and further increasing the growth rate of hydrate, and
further improving the gas recovery rate during the decomposition process of hydrate, it is preferable that the component
A is the penicillin compound, and the adjuvant is selected from the water-soluble inorganic salts; further preferably, a
mass ratio of the penicillin compound, the surfactant and the water-soluble inorganic salt is 1: (0.1-5): (0.1-5), more
preferably 1: (0.1-1): (0.1-5); further preferably, the water-soluble inorganic salt is at least one selected from the group
consisting of Na2CO3, K2CO3, NaCl, KCl and MgCl2.
[0050] In the oil and gas hydrate slurries, the water phase in the system is prone to react with the gas to form a solid
hydrate, which causes blockage of the pipeline. The problem has been the hot and important focus of researchers at
home and abroad in recent years concerning how to suppress or control the plugging of pipeline by gas hydrate in oil
and gas production and transportation pipeline. A hydrate polymerization inhibitors are new inhibitors used with low
dose, which can reduce the cohesive force between the hydrate particles and allow the hydrate particles to be conveyed
in a form of hydrate slurry without aggregation and blockage. The currently used the hydrate polymerization inhibitors
only serve to inhibit the cohesive force between the particles after formation of hydrate, but those skilled in the art do
not consider the function of the hydrate polymerization inhibitors on the formation of hydrate, thus the hydrate polymer-
ization inhibitors have a single functionality. The hydrate polymerization inhibitors in the prior art, such as those in the
Chinese patent applications ZL201110096579.2, CN02115154.7A and ZL201510501017.X, while inhibiting the aggre-
gation of hydrate, the hydrate polymerization inhibitors have not acceleration effect on the nucleation and growth of
hydrate, or impose an inhibitive effect on the nucleation and growth rate of hydrate. It can be seen that the dual functions
of simultaneously increasing the growth rate of hydrate and the preventing aggregation between the hydrate particles
cannot be accomplished in the prior art.
[0051] The inventors of the present disclosure have discovered that the addition of an anti-agglomerant in a hydrate
promoter, wherein the molecular structure of the anti-agglomerant comprises carbonyl groups and/or hydroxyl groups
and a plurality of cyclic structures, the anti-agglomerant not only can promote the generation of hydrate, increase the
generation rate and gas storage capacity of hydrate, but also can inhibit the aggregation of hydrate. The reasons may
be that the carbonyl groups and/or hydroxyl groups in the molecular structure of the anti-agglomerant have desirable
hydrophilic properties, and a plurality of cyclic structures in the molecular structure have lipophilic properties, such a
structure allows the anti-agglomerant to be easily attached to the oil-water interface, so that the anti-agglomerant adheres
to the surface of the hydrate particles, and by reducing the cohesive force between the hydrate particles, the hydrate
particles per se can be in a dispersed state without aggregation, serving the purpose of preventing agglomeration of the
hydrate particles, thereby increasing the generation rate of hydrate. Along with the rapid growth of hydrate, the anti-
agglomerant can be easily adhered to the surface of the hydrate particles because of its hydrophilic groups, while the
hydrophobic groups disperse and isolate the hydrate particles, serving the purpose of preventing agglomeration of the
hydrate particles without affecting the rapid formation of hydrate, furthermore, the anti-agglomerant not only does not
inhibit the formation of hydrate, but serves the purpose of preventing the accumulation of the hydrate particles, but also
increases the stability of hydrate, and in cooperation with other active ingredients in the hydrate promoter, it can increase
the nucleation and growth rate of hydrate, and improve the gas storage capacity, thus the anti-agglomerant provides
dual functions of promoting the nucleation and growth of hydrate and preventing the agglomeration of the hydrate
particles. The present disclosure has a favorable application prospect in the aspects of controlling the hydrate blockage
and promoting the gas storage of the hydrate slurry.
[0052] Conventional amphiphilic molecules containing hydrophobic groups and hydrophilic groups either do not attach
to the surface of the hydrate particles and the hydrophobic groups disperse and isolate the hydrate particles, such that
the amphiphilic molecules do not serve the purpose of preventing aggregation of hydrate, or inhibit the formation of
hydrate and reduce the generation rate of hydrate formation, the molecular structure of the anti-agglomerant preferably
contains carbonyl groups and/or hydroxyl groups and a plurality of cyclic structures. In order to further improve the
performance of the hydrate polymerization inhibitors for preventing agglomeration of hydrate, the anti-agglomerant
preferably contains 3-4 multi-member rings; further preferably, the multi-member ring is a five-member ring or a six-
member ring; still further preferably, the multi-member ring is selected from phenyl or a group containing at least one of
a C-C unsaturated bond and an ester group.
[0053] The total number of carbonyl groups and hydroxyl groups is preferably 2-4, and the carbonyl group can be
either carboxyl COOH or ester group COOR.
[0054] Each of the anti-agglomerants having the above molecular structure can fulfill the purpose the present disclosure
in cooperation with the component A and the surfactant, furthermore, in order to enhance the performance for suppressing
the aggregation of hydrate and further enhance the generation rate and the gas storage capacity of the hydrate; preferably,
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the anti-agglomerant is a statin organic; and further preferably, at least one selected from the group consisting of
pravastatin, lovastatin, simvastatin and atorvastatin. The molecular structural formula of some statin organics are illus-
trated in Table 3.

[0055] According to the present disclosure, the content of the anti-agglomerant can be adjusted within a wide range.
Preferably, the anti-agglomerant is contained in an amount of 1-10 parts by mass, more preferably 3-6 parts by mass,
relative to a total amount of 1 part by mass of the component A and the surfactant and optionally the adjuvant contained
in the hydrate promoter. The content of anti-agglomerant may be, for example, 3 parts by mass, 4 parts by mass, 5 parts
by mass, 6 parts by mass, or an arbitrary value between any two numerical values.
[0056] The inventors of the present disclosure have discovered that current technology for storing natural gas with
hydration method requires continuous mechanical reinforcement during hydrate formation, particularly during the initial
stage of hydrate formation, and it requires a mechanical agitation unit disposed in the device, thus imposes a high
requirement on the device. In order to further overcome the technical problems in the prior art that requires continuous
mechanical reinforcement during hydrate formation, particularly during the initial stage of hydrate formation, and it
requires a mechanical agitation unit disposed in the device thereby imposing a high requirement on the device, the
hydrate promoter further comprises an effervescent agent, which is capable of voluntarily releasing gas in water. In this
way, the hydration promoter per se is capable of generating air bubbles to "effervesce", the air bubbles increase the
contact area of the active ingredient with the gas to replace or cooperate with mechanical reinforcement, thereby providing
motive force to the process of generating hydrate, particularly during the nucleation and initial growth stage of hydrate,
thereby promoting continuous formation of hydrate. Therefore, the hydration promoter can produce a high generation
rate of hydrate during the hydrate formation process, and can reduce the investment cost of the device and save more
energy consumption.
[0057] In accordance with the present disclosure, a mass ratio of the active ingredient (e.g., component A) and the
effervescent agent can be flexibly adjusted; in order to provide more motive force to the nucleation and initial growth
stage of hydrate, even in the circumstance of without mechanical reinforcement or the generation is performed simul-
taneously with the mechanical reinforcement, the composition can further increase the generation rate of hydrate. Pref-
erably, the effervescent agent is used in an amount of 0.01-0.5 parts by mass, more preferably 0.02-0.3 parts by mass,
further preferably 0.02-0.2 parts by mass, relative to a total amount of 1 part by mass of the component A and the
surfactant and optionally the adjuvant contained in the hydrate promoter.

Table 3. Molecular structural formula of statin organic compounds

1 Atorvastatin

 

2 Simvastatin

 

3 Lovastatin
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[0058] The present disclosure does not impose particular limitation to the effervescent agent, the present disclosure
can be implemented as long as the effervescent agent releases gas in water. Preferably, the effervescent agent comprises
an acid source and an alkali source which are separately stored; preferably, a mass ratio of the acid source and the
alkali source is 1: (0.5-2), more preferably 1: (0.8-1.2).
[0059] It is further preferred that the acid source is at least one selected from the group consisting of citric acid, malic
acid, boric acid, tartaric acid and fumaric acid, and the alkali source is selected from a basic carbonate and/or a basic
bicarbonate, still further preferably at least one selected from the group consisting of sodium bicarbonate, sodium
carbonate, potassium carbonate and potassium bicarbonate. In this way, the organic acid source reacts with the basic
carbonate or bicarbonate salt to release carbon dioxide, produces a large number of air bubbles in the hydrate formation
system, increases the contact surface of the hydrate promoter with the gas, provides motive force to the process of
generating hydrate, particularly during the nucleation and initial growth stage of hydrate, thereby promoting continuous
formation of hydrate.
[0060] The effervescent agent described above is commercially available and can also be prepared with the existing
methods.
[0061] The preparation method of the hydrate promoter in the present disclosure is simple, the raw materials may be
mixed, or the raw materials are separately stored and respectively added according to the matched ratios in use.
Preferably, the effervescent agent is stored separately from the other components of the hydrate promoter, so that in
use, the effervescent agent and the other components of the hydrate promoter are added into the aqueous system in a
stepwise manner, it is preferred that the effervescent agent is added into the aqueous system after the addition of the
other components of the hydrate promoter, such that the air bubbles voluntarily released by the effervescent agent in
water can cause a stronger agitation in the aqueous system, thereby further increasing the generation rate of hydrate.
[0062] In a second aspect, the present disclosure provides a method for preparing a hydrate, comprising contacting
a gas in an aqueous system with the hydrate promoter of the first aspect under the hydrate formation conditions.
[0063] The hydrate promoter provided by the present disclosure is a decomposition bubble-free hydrate promoter, the
preparation method of the hydrate can effectively promotes rapid growth of hydrate, the produced hydrate has a high
gas storage capacity, and the air bubbles are not generated during the decomposition process of hydrate, the recovery
efficiency of gas generated during the decomposition process is high.
[0064] According to the present disclosure, the hydrate formation conditions may be the conventional conditions in
the art. Preferably, the hydrate formation conditions comprise: a temperature of -20°C to 50°C; a pressure of 0.1-20MPa.
[0065] According to the present disclosure, the used amount of the hydrate promoter may be adjusted within a wide
range, a mass ratio of the total mass of the component A and the surfactant and optionally added adjuvant relative to
water is preferably (0.1-10):100; more preferably (0.1-5):100.
[0066] In accordance with the present disclosure, it is preferred when the effervescent agent is included in the hydrate
promoter, the other components of the hydrate promoter other than the effervescent agent are initially added into the
aqueous system, the effervescent agent is subsequently added into the aqueous system when the conditions of the
aqueous system satisfy the formation conditions of hydrate. This allows the components of the hydrate promoter to be
added in a stepwise manner, which facilitates mixing of water with the ingredients of hydrate promoter other than the
effervescent agent, improves the generation rate of hydrate, and prevents the effervescent agent from effervescing in
advance; if the effervescent agent is effervescent when the conditions of the aqueous system satisfy the formation
conditions of hydrate, the air bubbles voluntarily released by the effervescent agent in water can cause a stronger
agitation in the aqueous system, thereby further increasing the generation rate of hydrate under the hydrate formation
conditions.
[0067] Unless otherwise specified in the present disclosure, the pressure refers to a gauge pressure.
[0068] In a third aspect, the present disclosure provides a hydrate prepared with the preparation method of the second
aspect.
[0069] In a fourth aspect, the present disclosure provides a hydrate comprising the hydrate promoter of the first aspect.
[0070] The hydrate provided by the present disclosure is a decomposition bubble-free hydrate, the hydrate also has
a high gas storage capacity, the air bubbles are not generated during the decomposition process of hydrate, the recovery
efficiency of gas generated during the decomposition process is high.
[0071] In a fifth aspect, the present disclosure provides a hydrate-based storage and transportation method, the method
comprises a hydrate production process, a hydrate storage and transportation process and a gas release process,
wherein:

(1) the hydrate production process serves to obtain hydrate by dispersing the aforementioned hydrate promoter in
an aqueous phase, and bringing a gas into contact with an aqueous system in which the hydrate promoter is
dispersed under hydrate formation conditions, so as to obtain a hydrant;
(2) the hydrate storage and transportation process stores and transports the hydrate produced by the hydrate
production process under hydrate self-protecting conditions;
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(3) the gas release process releases the gas therein by decomposing the hydrate subjected to the hydrate storage
and transportation process under hydrate decomposition conditions.

[0072] The gas of the present disclosure may be a single gas to be stored and transported, such as methane, ethane,
propane, carbon dioxide and hydrogen; or a mixture of gases, such as natural gas, an associated gas in an oil production
process, and an associated gas in a natural gas production process. The aqueous phase may be a pure aqueous phase
or the oil-water phases. The oil phase of the oil-water phases may be a conventional petroleum product oil such as
gasoline, kerosene and fuel oil. The water-gas ratio may be a conventional ratio in the art, it is preferred that an excessive
gas is filled according to a relationship of up to 185 cubic meters of gas stored in 1 cubic meter of water during the
formation process of hydrate.
[0073] In a preferred embodiment of the present disclosure, the hydrate formation conditions comprise: a temperature
of -20°C to 50°C; a pressure of 0.1-20MPa; preferably a temperature of -10°C to 20°C; a pressure of 1-15MPa.
[0074] Preferably, the temperature of the hydrate self-protective effect is 253.15K-270.15K, and the pressure range
is 0-1.0MPa.
[0075] Unless otherwise specified in the present disclosure, the pressure refers to a gauge pressure, for example,
when the pressure is 0MPa, which means an atmospheric pressure condition.
[0076] In order to improve the safety of the hydrate storage and transportation, it is preferred that the hydrate storage
and transportation process comprises monitoring the parameters of the hydrate-containing system during the storage
and transportation process, and maintaining the hydrate within the target temperature and pressure ranges of storage
and transportation by adjusting the temperature of the hydrate system or releasing the gas; when the pressure of the
hydrate system is higher than the target value during the hydrate storage and transportation process, the parameters
of the hydrate-containing system in the storage and transportation unit can be maintained within the target ranges of
storage and transportation by means of releasing a portion of gas or lowering the system temperature.
[0077] The transportation mode of the hydrate may be traction-handling by a power equipment. The power equipment
may be the existing transport tool such as a vehicle and a boat. Preferably, the hydrate-containing system in the hydrate
storage and transportation process has a temperature of 243.15-270.15K and a pressure not higher than 0.5 MPa.
[0078] The release of gas from the decomposition of hydrate may be achieved in various manners. Preferably, the
gas release process decomposes the hydrate by raising the temperature and/or decreasing the pressure to release the
gas; in order to improve the decomposition efficiency, the temperature of the gas release process is preferably within a
range of 273.15-323.15K.
[0079] The temperature rise may be performed according to a target temperature by using a conventional heating
means, and decreasing the pressure may be performed by using a conventional pressure reduction mode such as
opening a valve, the relevant contents will not be repeated herein.
[0080] In the above technical scheme, the monitoring of pressure and temperature may be performed by using a
conventional configuration mode in the art, for example, the pressure monitoring may be performed by using a pressure
sensor, the temperature monitoring may be implemented by a temperature sensor. In order to maintain stability of the
reaction gas pressure during the addition process of an effervescent agent, it is preferred that a medicine storage
cartridge is provided in the reactor, the effervescent agent is placed in the medicine storage cartridge in advance, when
the conditions of the system satisfy the reaction conditions, the effervescent agent in the medicine storage cartridge is
poured into the reactor to contact with the water phase. The connection of the medicine storage cartridge with the reactor
may be performed with multiple choices, for example, the medicine storage cartridge is connected to the reactor by a
shaft and the connection shaft extends to the outside of the reactor, an overturn of the medicine storage cartridge is
controlled by the connection shaft; or a valve is provided at the bottom of the medicine storage cartridge, the opening
of the bottom of the medicine storage cartridge is controlled from the outside; each pertains to the conventional config-
uration in the art. In the examples described below, a valve is provided at the bottom of the medicine storage cartridge.
[0081] Since the gas-liquid surface tension is an important parameter for reflecting the generation of air bubbles and
stability of the air bubble structure, the lower is the gas-liquid surface tension, it means that air bubbles are more likely
to be generated under an external disturbance, and the stability of air bubbles is stronger; given that the aforementioned
hydrate promoter system does not generate air bubbles during the decomposition process of hydrate, the effect of the
hydrate promoter of the present disclosure on the surface tension of an aqueous phase is limited, preferably, the surface
tension of the aqueous phase containing the hydrate promoter is within a range of 50mN/m - 68mN/m under the conditions
comprising a temperature of 298.15K, an atmospheric pressure, and the desired concentration range.
[0082] The present disclosure also provides a hydrate promoter-containing hydrate decomposition gas recovery and
gas recovery rate calculation method, the method comprises the following steps:

(1) after the formation of hydrate in the reaction system is complete, the system temperature is rapidly increased
above the hydrate phase equilibrium temperature corresponding to the system pressure;
(2) after the pressure of the system to be decomposed is stabilized and maintained for 1.0 hour, the gas in the
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system following the decomposition is metered on-line by a gas flow meter, if the system following the decomposition
has a foam shape or the system changes to a foam shape during the decomposition process, the gas discharge is
stopped; if the system is still foamed shaped after 30min, it is deemed that the gas cannot be effectively recovered
following the state;
(3) calculating an actual gas storage capacity of hydrate based on the change in gas pressure and the reaction
system parameters during the generation process of hydrate, the total amount of gas flow recorded by the gas flow
meter following decomposition is the actual recovered gas amount, and a ratio of the actual recovered gas amount
to the actual gas storage capacity is the gas recovery rate.

[0083] The present disclosure will be described below in detail with reference to examples. In the following examples,
the performance evaluation was performed by using an autoclave and the specific experimental procedure was as follows.

(1) The whole experimental system was washed, the test solution (10 mL) containing the hydrate promoter is
prepared and placed in the autoclave, the system was vacuumized and introduced with the experimental gas and
replaced with the experimental gas for 3 times or more; when the hydrate promoter comprised an effervescent
agent, the effervescent agent was added separately.
(2) The system temperature was set to the experimental temperature, when the temperature in the autoclave reached
the preset value and kept stable for 5 hours, a certain amount of experimental gas was introduced to bring the
system to reach a dissolution equilibrium (the pressure of introduced gas was less than the corresponding hydrate
equilibrium pressure at the temperature).
(3) The test gas was introduced to a test pressure, an air intake valve was opened, a stirrer was powered, the stirring
speed was constant throughout the whole experimental process, the timing was started, the macro morphological
changes in the system were observed and recorded on-line with a video recorder, the system temperature, pressure
and reaction time were automatically recorded by using a computer data automatic acquisition system.
(4) When the white hydrate particles were present in the system, the time was recorded as an induction time of hydrant.
(5) The experiment was continued, the evolution of the macrostructure of the hydrate in the system after the ap-
pearance of hydrate particles was observed in real time; meanwhile, the system pressure was recorded for different
periods of reaction, starting from the induction time.
(6) Along with the continuous formation of the hydrate, when the system pressure was stabilized and maintained
for 2.0h, the system temperature was adjusted to 298.15K, the macroscopic morphological evolution of the decom-
position process of hydrate in the autoclave (mainly observing whether the air bubbles were generated) was observed
in real time; after the gas hydrate in the autoclave was completely decomposed, the vent valve was opened, the
decomposed gas was metered on-line by the gas flow meter; if the system following the decomposition had a foam
shape or the system changed to a foam shape during the decomposition process, the gas discharge was stopped;
if the system was still foamed shaped after 30min, it was deemed that the gas cannot be effectively recovered
following the state, the experiment was stopped, the surface tension of the solution at 298.15K following reaction
was tested by the surface tension instrument, and the next group of experiments was restarted.

[0084] The gas storage capacity of hydrate and the gas recovery rate were calculated with the following method:
[0085] the amount of consumed gas for hydrate formation was:

wherein nc denoted the amount of consumed gas required for hydration formation from the moment when hydration
particles began to occur to the time t, n0 denoted the molar weight of gas in the corresponding system when the experiment
proceeded to an induction time, and nt denoted the molar weight of gas in the corresponding system when the experiment
proceeded to the time t.

[0086] Formula (1) can also be written as Formula (2) based on the gas state equation, wherein P0 and Pt denoted
the system pressures when the experiment was carried out to the induction time of and the time t, Z0 and Zt were the
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respective gas compression factors of the corresponding state (calculated from the Peng-Robinson state equation), Vg
denoted the volume of gas phase space in the system, R denoted a gas constant, and T denoted the experimental
temperature.

wherein Vc in Formula (3) denoted the gas storage capacity per unit volume of hydrate in the system, Vl denoted the
initial liquid phase volume, because the volume expanded about 1.25 times after conversion of the aqueous phase to
hydrate, thus the 1.25 times of the initial liquid phase volume was regarded as the volume of the final hydrate in Formula (3).

in Formula (4), R denoted the gas recovery rate after the decomposition of hydration, and Vd denoted the gas volume
obtained through the gas flow meter during the process of decomposition and gas discharge.
[0087] The gas used in the Comparative Examples and Examples described below was methane gas having a purity
of 99.99%.
[0088] The present disclosure will be described below in detail with reference to examples.

Example 1

[0089] The present disclosure provided a hydrate promoter, which was obtained by mixing penicillin sodium, dodecyld-
imethyl betaine, C12H25O(CH2CH2O)5H and Na2CO3 in a mass ratio of 1:0.05:0.05:0.5.
[0090] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 1.5 min.
[0091] Started from the appearance of the hydrate particles in the system, the system pressures were 4334kPa,
3656.82kPa and 3573.66kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 136.09 V/V, 168.13 V/V and
171.09 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0092] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 97% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 68mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 2

[0093] The present disclosure provided a hydrate promoter, which was obtained by mixing penicillin potassium, do-
decyldimethyl betaine, C12H25O(CH2CH2O)5H and K2CO3 in a mass ratio of 1:0.05:0.05:0.5.
[0094] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 1.75 min.
[0095] Started from the appearance of the hydrate particles in the system, the system pressures were 4617.76kPa,
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3767.45kPa and 3534.75kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 117.72 V/V, 158.26 V/V and
170.06 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0096] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 3

[0097] The present disclosure provided a hydrate promoter, which was obtained by mixing carbenicillin sodium, do-
decyldimethyl betaine, C12H25O(CH2CH2O)5H and K2CO3 in a mass ratio of 1:0.05:0.05:0.5.
[0098] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 2.14 min.
[0099] Started from the appearance of the hydrate particles in the system, the system pressures were 4677.27kPa,
3928.05kPa and 3742.42kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 123.11 V/V, 159.01 V/V and
167.18 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0100] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula(4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 66mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 4

[0101] The present disclosure provided a hydrate promoter, which was obtained by mixing oxacillin sodium, dodecyld-
imethyl betaine, C12H25O(CH2CH2O)5H and Na2CO3 in a mass ratio of 1:0.05:0.05:0.5.
[0102] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 2.1 min.
[0103] Started from the appearance of the hydrate particles in the system, the system pressures were 4580.21kPa,
3927.67kPa and 3717.86kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 123.48 V/V, 154.67 V/V and
164.51 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0104] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 97% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 64mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 5

[0105] The present disclosure provided a hydrate promoter, which was obtained by mixing penicillin sodium, dodecyldi-
ethylhydroxyethyl betaine, C12H25O(CH2CH2O)7H and Na2CO2 in a mass ratio of 1:0.05:0.05:1.
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[0106] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 1.25 min.
[0107] Started from the appearance of the hydrate particles in the system, the system pressures were 4312.58kPa,
3636.22kPa and 3540.69kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 141.63 V/V, 173.56 V/V and
178.54 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0108] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 68mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 6

[0109] The present disclosure provided a hydrate promoter, which was obtained by mixing penicillin sodium, dodecyldi-
ethylhydroxyethyl betaine, C12H25O(CH2CH2O)7H and Na2CO3 in a mass ratio of 1:0.1:0.1:1.
[0110] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 2.0 min.
[0111] Started from the appearance of the hydrate particles in the system, the system pressures were 4648.28kPa,
4034.87kPa and 3931.21kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 124.06 V/V, 153.51 V/V and
167.95 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0112] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 63mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 7

[0113] The present disclosure provided a hydrate promoter, which was obtained by mixing penicillin sodium, dodecyldi-
ethylhydroxyethyl betaine, C12H25O(CH2CH2O)7H and Na2CO3 in a mass ratio of 1:0.1:0.2:1.
[0114] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the experimental
pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the
induction time for hydrate was 2.5 min.
[0115] Started from the appearance of the hydrate particles in the system, the system pressures were 4771.52kPa,
3937.97kPa and 3723.96kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 117.48 V/V, 157.51 V/V and
167.55 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0116] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 97% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.
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Example 8

[0117] The hydrate promoter in the Example was obtained by merely mixing penicillin sodium and 2-butyloctylsulfate
sodium (GC12S) in a mass ratio of 1:0.1.
[0118] The example was evaluated by using the method in Example 1, 10 mL of deionized water was prepared and
added into an autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave
that the induction time for hydrate was 3.25 min.
[0119] Started from the appearance of the hydrate particles in the system, the system pressures were 4895.12kPa,
4205.62kPa and 3805.11kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 102.53 V/V, 138.56 V/V and
162.05 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0120] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 94% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 60mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 9

[0121] The hydrate promoter in the Example was obtained by mixing penicillin sodium and dodecyldimethyl betaine
in a mass ratio of 1:0.1.
[0122] The example was evaluated by using the method in Example 1, 10 mL of deionized water was prepared and
added into an autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave
that the induction time for hydrate was 3.15 min.
[0123] Started from the appearance of the hydrate particles in the system, the system pressures were 4792.20kPa,
4135.87kPa and 3760.27kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 109.64 V/V, 142.51 V/V and
163.08 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0124] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 62mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 10

[0125] The hydrate promoter in the Example was obtained by mixing penicillin sodium and C12H25O(CH2CH2O)5H in
a mass ratio of 1:0.1.
[0126] The example was evaluated by using the method in Example 1, 10 mL of deionized water was prepared and
added into an autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave
that the induction time for hydrate was 3.15 min.
[0127] Started from the appearance of the hydrate particles in the system, the system pressures were 4799.51kPa,
4123.45kPa and 3758.69kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 108.69 V/V, 141.22 V/V and
163.27 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0128] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 94% according to Formula (4). In addition,
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the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 60mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 11

[0129] The hydrate promoter in the Example was obtained by mixing penicillin sodium, dodecyldimethyl betaine and
C12H25O(CH2CH2O)5H in a mass ratio of 1 :0.05:0.05.
[0130] The example was evaluated by using the method in Example 1, 10 mL of deionized water was prepared and
added into an autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave
that the induction time for hydrate was 2.75 min.
[0131] Started from the appearance of the hydrate particles in the system, the system pressures were 4710.25kPa,
4025.12kPa and 3755.62kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 115.33 V/V, 148.32 V/V and
164.15 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0132] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 62mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 12

[0133] The hydrate promoter in the Example was obtained by mixing penicillin sodium, dodecylaminopropionate sodium
and octylphenol polyoxyethylene ether TX-10 in a mass ratio of 1:0.05:0.05.
[0134] The example was evaluated by using the method in Example 1, 10 mL of deionized water was prepared and
added into an autoclave along with the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave
that the induction time for hydrate was 2.85 min.
[0135] Started from the appearance of the hydrate particles in the system, the system pressures were 4702.68kPa,
4022.31kPa and 3760.41kPa, respectively when the reaction proceeded to 30 min, 60 min and 120 min, it was calculated
according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 113.25 V/V, 147.78 V/V and
163.58 V/V, respectively when the reaction proceeded to 30 min, 60 min and 120 min.
[0136] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 62mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 13

[0137] The hydrate promoter was provided according to the method of Example 1, except that a mass ratio of penicillin
sodium, dodecyldimethyl betaine, C12H25O(CH2CH2O)5H and Na2CO3 was 1:0.5:0.5:5.
[0138] Validation was carried out according to the method of Example 1, the induction time of hydrate was discovered
to be 2.6min, the corresponding gas storage capacities were 115.85 V/V, 158.62 V/V and 167.22 V/V, respectively when
the reaction proceeded to 30 min, 60 min and 120 min.
[0139] The gas recovery rate was 96%, and the surface tension (at a temperature of 298.15K) of the liquid phase in
the autoclave after completion of the experiment was 65mN/m.
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Example 14

[0140] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0141] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 1.3 min.
[0142] Started from the appearance of the hydrate particles in the system, the system pressures were 3875kPa and
3125kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0143] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
135.95 V/V and 169.45 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0144] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 63mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 15

[0145] The present disclosure provided a hydrate promoter, which was obtained by mixing cefalexin, xanthan gum,
Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0146] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 1.5 min.
[0147] Started from the appearance of the hydrate particles in the system, the system pressures were 3956kPa and
3209kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0148] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
132.14 V/V and 166.76 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0149] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 64mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 16

[0150] The present disclosure provided a hydrate promoter, which was obtained by mixing cefotaxime, xanthan gum,
Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0151] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 2.0 min.
[0152] Started from the appearance of the hydrate particles in the system, the system pressures were 3952kPa and
3264kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0153] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
132.32 V/V and 165.25 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0154] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
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the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 64mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 17

[0155] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 80 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0156] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 1.6 min.
[0157] Started from the appearance of the hydrate particles in the system, the system pressures were 3925kPa and
3108kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0158] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
133.59 V/V and 171.35 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0159] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 18

[0160] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 80 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5: 0.5.
[0161] The example was evaluated by using an autoclave, a (diesel + water) system with a water content of 20 vol%
was prepared and added into the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in
the system, the experimental pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered
by the autoclave that the induction time for hydrate was 10 min.
[0162] Started from the appearance of the hydrate particles in the system, the system pressures were 6084kPa and
5950kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0163] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
134.85 V/V and 169.38 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0164] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 92% according to Formula (4), no
significant air bubbles appeared during the decomposition process of hydrate, the gas recovery rate was high while
ensuring a high gas storage capacity in the hydrate method.

Example 19

[0165] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 80 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0166] The example was evaluated by using an autoclave, a (diesel + water) system with a water content of 80 vol%
was prepared and added into the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in
the system, the experimental pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered
by the autoclave that the induction time for hydrate was 8 min.
[0167] Started from the appearance of the hydrate particles in the system, the system pressures were 4582kPa and
4038kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0168] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
130.42 V/V and 161.33 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0169] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
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the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 94% according to Formula (4), no
significant air bubbles appeared during the decomposition process of hydrate, the gas recovery rate was high while
ensuring a high gas storage capacity in the hydrate method.

Example 20

[0170] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlorampin
and C15H23O(CH2CH2O)7H in a mass ratio of 1:1. That is, as compared with Example 1, the example did not contain
xanthan gum and Tween 60.
[0171] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 3.5 min.
[0172] Started from the appearance of the hydrate particles in the system, the system pressures were 4166kPa and
3358kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0173] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
122.19 V/V and 160.32 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0174] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 93% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 62mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 21

[0175] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0176] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 2.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 0.85 min.
[0177] Started from the appearance of the hydrate particles in the system, the system pressures were 3728kPa and
3050kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0178] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
142.81 V/V and 173.58 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0179] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 97% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 22

[0180] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.5:0.5. That is, the hydrate promoter did not contain
xanthan gum.
[0181] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 2.6 min.
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[0182] Started from the appearance of the hydrate particles in the system, the system pressures were 4089kPa and
3342kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0183] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
125.85 V/V and 160.68 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0184] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 94% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 63mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 23

[0185] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:1:2.5:2.5.
[0186] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 1.05 min.
[0187] Started from the appearance of the hydrate particles in the system, the system pressures were 3812kPa and
3098kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0188] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
138.91 V/V and 171.81 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0189] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 24

[0190] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.3:1:1.
[0191] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 0.95 min.
[0192] Started from the appearance of the hydrate particles in the system, the system pressures were 3786kPa and
3058kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0193] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
140.12 V/V and 173.61 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0194] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 63mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 25

[0195] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
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rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.6:2:2.
[0196] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 0.90 min.
[0197] Started from the appearance of the hydrate particles in the system, the system pressures were 3775kPa and
3026kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0198] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
140.63 V/V and 174.05 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0199] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 65mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 26

[0200] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:2.5:0.5.
[0201] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 1.12 min.
[0202] Started from the appearance of the hydrate particles in the system, the system pressures were 3850kPa and
3152kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0203] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
137.12 V/V and 169.35 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0204] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 64mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 27

[0205] The example was evaluated by using the hydrate promoter autoclave of Example 26, a (diesel + water) system
with a water content of 80 vol% was prepared and added into the autoclave along with the hydrate promoter in an amount
of 1.0% by mass of water in the system, the experimental pressure was 6.5 MPa, and the experimental temperature
was 274.7K, it was discovered that the induction time for hydrate was 7.5 min.
[0206] Started from the appearance of the hydrate particles in the system, the system pressures were 4445kPa and
4080kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0207] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
132.98 V/V and 161.02 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0208] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 64% according to Formula (4), no
significant air bubbles appeared during the decomposition process of hydrate, the gas recovery rate was high while
ensuring a high gas storage capacity in the hydrate method.
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Example 28

[0209] The present disclosure provided a hydrate promoter, which was obtained by mixing mono-hydrate cefchlo-
rampin, dodecyl glycoside, Tween 60 and Span 20 in a mass ratio of 1:0.2:0.5:0.5.
[0210] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 3 min.
[0211] Started from the appearance of the hydrate particles in the system, the system pressures were 4120kPa and
3354kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0212] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
124.38 V/V and 160.13 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0213] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 95% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 63mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 29

[0214] The hydrate promoter was provided according to the method of Example 14, except that a mass ratio of mono-
hydrate cefchlorampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H was1:0.1:0.05:0.05.
[0215] Validation was carried out according to the method of Example 14, the induction time of hydrate was discovered
to be 2.4min, the corresponding gas storage capacities were 129.85 V/V and 161.25 V/V, respectively when the reaction
proceeded to 30 min and 60 min.
[0216] The gas recovery rate was 95%, and the surface tension (at a temperature of 298.15K) of the liquid phase in
the autoclave after completion of the experiment was 64mN/m.

Example 30

[0217] The hydrate promoter was provided according to the method of Example 14, except that a mass ratio of mono-
hydrate cefchlorampin, xanthan gum, Tween 60 and C15H23O(CH2CH2O)7H was1:5:5:5.
[0218] Validation was carried out according to the method of Example 14, the induction time of hydrate was discovered
to be 2.5min, the corresponding gas storage capacities were 128.72 V/V and 161.83 V/V, respectively when the reaction
proceeded to 30 min and 60 min.
[0219] The gas recovery rate was 94%, and the surface tension (at a temperature of 298.15K) of the liquid phase in
the autoclave after completion of the experiment was 64mN/m.

Example 31

[0220] The hydrate promoter was configured according to the method of Example 1, except that the hydrate promoter
further comprised an anti-agglomerant; the hydrate promoter was obtained by mixing penicillin sodium, dodecyl dimethyl
betaine, C15H25O(CH2CH2O)5H, Na2CO3 and atorvastatin, wherein the mass ratio of penicillin sodium, dodecyl dimethyl
betaine, C15H25O(CH2CH2O)5H and Na2CO3 was 1:0.05:0.05:0.5; the added mass of atorvastatin was 5 times of the
total mass of penicillin sodium, dodecyl dimethyl betaine, C15H25O(CH2CH2O)5H and Na2CO3.
[0221] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount that the total mass of penicillin sodium, dodecyl dimethyl
betaine, C15H25O(CH2CH2O)5H and Na2CO3 was 0.5% by mass of water in the system, the experimental pressure was
7.0 MPa, and the experimental temperature was 276.2K, it was discovered by the autoclave that the induction time for
hydrate was 1.15 min.
[0222] The corresponding gas storage capacity was 169.25 V/V when the reaction proceeded to 60 min.
[0223] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 98% according to Formula (4). In addition,
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the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 68mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 32

[0224] The hydrate promoter was configured according to the method of Example 1, except that the hydrate promoter
further comprised an effervescent agent; that is, the hydrate promoter comprised a first part and a second part, the first
part of the hydrate promoter was obtained by mixing penicillin sodium, dodecyl dimethyl betaine, C15H25O(CH2CH2O)5H
and Na2CO3 in a amass ratio of 1:0.05:0.05:0.5; the second part of the hydrate promoter was an effervescent agent,
the used amount of the effervescent agent by mass is 0.025 times of the used amount of mass of the first part of the
hydrate promoter (citric acid + sodium bicarbonate in a mass ratio of 1: 1).
[0225] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the first part of the hydrate promoter in an amount of 0.5% by mass of water in the system, the
experimental pressure was 7.0 MPa, and the experimental temperature was 276.2K, the effervescent agent was added
when the system conditions satisfied the experimental conditions, it was discovered by the autoclave that the induction
time for hydrate was 1.2 min.
[0226] The corresponding gas storage capacity was 168.55 V/V when the reaction proceeded to 60min.
[0227] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 98% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 69mN/m, as can be seen, the hydrate promoter in the example had small influence on the surface
tension of the water phase, no significant air bubbles appeared during the decomposition process of hydrate, the gas
recovery rate was high while ensuring a high gas storage capacity in the hydrate method.

Example 33

[0228] The hydrate promoter was configured according to the method of Example 1, except that the penicillin sodium
in Example 1 was replaced with the ampicillin sodium.
[0229] Validation was carried out according to the method of Example 1, the induction time of hydrate was discovered
to be 0.85min, the corresponding gas storage capacities were 137.54 V/V, 168.52 V/V and 172.15 V/V, respectively
when the reaction proceeded to 30 min, 60 min and 120 min.
[0230] The gas recovery rate was 99%, and the surface tension (at a temperature of 298.15K) of the liquid phase after
completion of the experiment was 69mN/m.

Example 34

[0231] The hydrate promoter was configured according to the method of Example 14, except that the mono-hydrate
cefchlorampin in Example 14 was replaced with the cefadroxil.
[0232] Validation was carried out according to the method of Example 1, the induction time of hydrate was discovered
to be 1.12min, the corresponding gas storage capacities were 136.35 V/V and 169.85 V/V, respectively when the reaction
proceeded to 30 min and 60 min.
[0233] The gas recovery rate was 97%, and the surface tension (at a temperature of 298.15K) of the liquid phase after
completion of the experiment was 65mN/m.

Comparative Example 1

[0234] 10mL of deionized water was added into an autoclave without adding any hydrate promoter, the experimental
pressure was 7.0MPa, the experimental temperature was maintained at 276.2K, it was discovered by the autoclave that
the induction time for hydrate was 6.5 min; started from the appearance of the hydrate particles in the system, the system
pressures were 6510.26kPa, 6431.68kPa and 6388.75kPa, respectively when the reaction proceeded to 30 min, 60min
and 120 min; it was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities
were 29.29 V/V, 33.43 V/V and 32.85 V/V, respectively when the reaction proceeded to 30 min, 60min and 120 min.
[0235] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
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after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 96% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 71mN/m, as can be seen, the gas storage capacity of the hydrate in the Comparative Example
was too small.

Comparative Example 2

[0236] The hydrate promoter was prepared by mixing cyclopentane and 2-butyloctylsulfate sodium (GC12S) in a mass
ratio of 1:0.1; the hydrate promoter was used as a comparative hydrate promoter, it was formulated into 10mL of aqueous
solution with a concentration of 0.5% and then added into an autoclave, the experimental pressure was 7.0MPa, the
experimental temperature was maintained at 276.2K, it was discovered by the autoclave that the induction time for
hydrate was 5.25 min; started from the appearance of the hydrate particles in the system, the system pressures were
5530.52kPa, 5038.36kPa and 4782.15kPa, respectively when the reaction proceeded to 30 min, 60min and 120 min; it
was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were 67.78 V/V,
91.84 V/V and 104.18 V/V, respectively when the reaction proceeded to 30 min, 60min and 120 min.
[0237] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that a small amount of air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 11% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 38mN/m, as can be seen, although the gas storage capacity of the Comparative Example 2 was
slightly improved compared to the Comparative Example 1, the overall generation rate of the hydrate formation process
was still slow, and a large amount of air bubbles still appeared during the decomposition process of hydrate, the gas
recovery rate was low and was not suitable for the large-scale application.

Comparative Example 3

[0238] The conventional anionic surfactant dodecyl sulfate sodium was used as a comparative hydrate promoter, it
was formulated into 10mL of aqueous solution with a concentration of 0.05% and then added into an autoclave, the
experimental pressure was 7.0MPa, the experimental temperature was maintained at 276.2K, it was discovered by the
autoclave that the induction time for hydrate was 3.75 min; started from the appearance of the hydrate particles in the
system, the system pressures were 4486.15kPa, 4126.42kPa and 3813.61kPa, respectively when the reaction proceeded
to 30 min, 60min and 120 min; it was calculated according to Formula (1) - Formula (3) that the corresponding gas
storage capacities were 131.63 V/V, 148.87 V/V and 163.04 V/V, respectively when the reaction proceeded to 30 min,
60min and 120 min.
[0239] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that a large amount of air bubbles appeared in the autoclave during the decomposition process of hydrate
and the whole autoclave was filled with air bubbles; after completion of the decomposition, the gas cannot be effectively
recovered by an exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 5% according to Formula
(4). In addition, the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion
of the experiment was measured to be 28mN/m, as can be seen, the dodecylsulfate sodium in this Comparative Example
was a typical anionic surfactant, the gas release during the decomposition process of hydrate causes the formation of
a large amount of gas bubbles, so that the decomposed gas cannot be effectively recovered and reused, the hydrate
promoter was not suitable for the large-scale application.
[0240] In summary, it can be derived from the data of Examples 1-13 and Comparative Examples 1-3, the induction
time of hydrate in Examples 1-5 was within a range of 1.25-2.5min, the induction time of hydrate in Comparative Example
1 was 6.5min, the induction time of hydrate in Comparative Example 2 was 5.25 min, the induction time of hydrate was
2.75 min when the conventional anionic surfactant was used as the hydrate promoter in Comparative Example 3; the
hydrate promoter provided by the present disclosure can effectively shorten the induction time of hydrate, and formation
pressure of hydrate was small, the atmospheric storage and transportation of the hydrate was feasible, such that the
storage and transportation process was in accordance with the safety standards. Moreover, the gas recovery rates of
the present disclosure were 90% or more, air bubbles did not appear during the decomposition process, thus the
decomposition efficiency of hydrate can be improved.
[0241] In addition, in order to facilitate the detailed comparison of the changes in the system pressure and gas storage
capacity during the generation process of a hydrate in various Comparative Examples and Examples, FIG. 1 and FIG.
2 illustrated the specific conditions of respective stage in Example 1 and Comparative Examples 1-3, FIG. 3 illustrated
the comparison conditions of generating air bubbles in the autoclave after the complete decomposition of hydrate in
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Comparative Examples 1-3 and Example 1.

Comparative Example 4

[0242] 10mL of deionized water without adding any hydrate promoter was added into an autoclave, the experimental
pressure was 6.5MPa, the experimental temperature was maintained at 274.7K, it was discovered by the autoclave that
the induction time for hydrate was 18 min.
[0243] Started from the appearance of the hydrate particles in the system, the system pressures were 6388kPa and
6235kPa, respectively when the reaction proceeded to 30 min and 60min.
[0244] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
11.15 V/V and 20.36 V/V, respectively when the reaction proceeded to 30 min and 60min.
[0245] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 94% according to Formula (4). In addition,
the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave after completion of the experiment
was measured to be 71mN/m.

Comparative Example 5

[0246] 10mL of a (diesel + water) system having a water content of 20 vol% without adding any hydrate promoter was
accurately measured and taken, and then added into an autoclave, the experimental pressure was 6.5 MPa, and the
experimental temperature was 274.7K, it was discovered by the autoclave that the induction time for hydrate was 32 min.
[0247] Started from the appearance of the hydrate particles in the system, the system pressures were 6050kPa and
5975kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0248] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
35.83 V/V and 40.45 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0249] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 82% according to Formula (4).

Comparative Example 6

[0250] 10mL of a (diesel + water) system having a water content of 80 vol% without adding any hydrate promoter was
accurately measured and taken, and then added into an autoclave, the experimental pressure was 6.5 MPa, and the
experimental temperature was 274.7K, it was discovered by the autoclave that the induction time for hydrate was 25 min.
[0251] Started from the appearance of the hydrate particles in the system, the system pressures were 6025kPa and
5940kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0252] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
27.74 V/V and 34.40 V/V, respectively when the reaction proceeded to 30 min and 60 min.
[0253] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that no significant air bubbles appeared in the autoclave during the decomposition process of hydrate;
after completion of the decomposition, the actual recovery volume of gas after decomposition was measured by an
exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 80% according to Formula (4).

Comparative Example 7

[0254] A hydrate promoter was obtained by mixing chloramphenicol, xanthan gum, Tween 60 and
C15H23O(CH2CH2O)7H in a mass ratio of 1:0.2:0.5:0.5.
[0255] The example was evaluated by using an autoclave, 10 mL of deionized water was prepared and added into
the autoclave along with the hydrate promoter in an amount of 1.0% by mass of water in the system, the experimental
pressure was 6.5 MPa, and the experimental temperature was 274.7K, it was discovered by the autoclave that the
induction time for hydrate was 17.5 min.
[0256] Started from the appearance of the hydrate particles in the system, the system pressures were 4325kPa and
3652kPa, respectively when the reaction proceeded to 30 min and 60 min.
[0257] It was calculated according to Formula (1) - Formula (3) that the corresponding gas storage capacities were
102.87 V/V and 136.58 V/V, respectively when the reaction proceeded to 30 min and 60 min.
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[0258] The system temperature was raised to 298.15K after completion of hydrate formation, it was observed through
the autoclave that a large number of air bubbles appeared in the autoclave during the decomposition process of hydrate,
and the whole autoclave was filled with the air bubbles; after completion of the decomposition, the gas cannot be
effectively recovered through an exhaust valve and a gas flow meter, the gas recovery rate was calculated to be 3%
according to Formula (4). In addition, the surface tension (at a temperature of 298.15K) of the liquid phase in the autoclave
after completion of the experiment was measured to be 29mN/m.
[0259] It is demonstrated from the verification of technical effects when the hydrate promoter of the present disclosure
is used in the aqueous phase and gas phase coexistence system, the induction time is greatly shortened, the system
pressure is significantly reduced when the reaction proceeds to 30 min and 60 min, the induction time of Example 24
may be as low as 0.95 min, the system pressures are 3786kPa and 3058kPa, respectively when the reaction proceeds
to 30 min and 60 min. It demonstrates that the hydrate promoter of the present disclosure in the aqueous phase and
gas phase coexistence system can effectively enhance the generation process of hydrate, significantly reduce the
nucleation time of gas hydrate, and improve the hydrate growth rate, thus the hydrate promoter has the advantages of
desirable promotion effect and high gas storage capacity.
[0260] When the hydrate promoter of the present disclosure is used in an oil phase - gas phase - water phase coex-
istence system, the induction time is greatly shortened, the system pressure is significantly reduced when the reaction
proceeds to 30 min and 60 min, the induction time of Example 27 may be as low as 7.5 min, the system pressures are
4445kPa and 4080kPa, respectively when the reaction proceeds to 30 min and 60 min. It demonstrates that the hydrate
promoter of the present disclosure in the oil phase - gas phase - water phase coexistence system can effectively
strengthen the generation process of hydrate, significantly reduce the nucleation time of gas hydrate, and improve the
hydrate growth rate, thus the hydrate promoter has the advantages of desirable promotion effect and high gas storage
capacity.
[0261] The above content describes in detail the preferred embodiments of the present disclosure, but the present
disclosure is not limited thereto. A variety of simple modifications can be made in regard to the technical solutions of the
present disclosure within the scope of the technical concept of the present disclosure, including a combination of individual
technical features in any other suitable manner, such simple modifications and combinations thereof shall also be
regarded as the content disclosed by the present disclosure, each of them falls into the protection scope of the present
disclosure.

Claims

1. A hydrate promoter, comprising a component A which is a substance having a group represented by the Formula
I below and a surfactant, wherein a molar ratio of the component A to the surfactant is 1: (0.03-30);

2. The hydrate promoter of claim 1, wherein the mass ratio of the component A and the surfactant is 1: (0.1-10);
preferably 1: (0.1-5).

3. The hydrate promoter of claim 1 or 2, wherein the cyclic structure having N and S in Formula I is a 4-8 member ring,
the group -COO- is located at ortho-position or meta-position relative to the N atom of the ring in the cyclic structure
having N and S;

preferably, the remaining backbone atoms of the cyclic structure having N and S in Formula I are C atoms;
further preferably, the cyclic structure having N and S in Formula I is a saturated 4-8 member ring or a 4-8
member ring having 1-3 C-C unsaturated bonds.

4. The hydrate promoter of claim 1 or 2 or 3, wherein the cyclic structure having N and S in Formula I is a 5-6 member
ring, and the remaining backbone atoms of the cyclic structure having N and S are C atoms; preferably, the group
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-COO- is located at ortho-position relative to the N atom of the ring in the cyclic structure having N and S;
further preferably, the component A is selected from cephalosporin compounds having a group represented by
Formula II and/or penicillin compounds having a group represented by Formula III;

5. The hydrate promoter of any one of claims 1-4, wherein the component A is selected from a cephalosporin antibiotic
and/or a salt corresponding to the cephalosporin antibiotic;

preferably, the salt corresponding to the cephalosporin antibiotic is at least one selected from the group consisting
of sodium salt, potassium salt and ammonium salt;
further preferably, the cephalosporin antibiotic is at least one selected from the group consisting of ceftiomib,
cefamandole, cefadroxil, cefadroxime, hydroxamitocetin, cefchlorampin, cefalexin, cephalexin monohydrate
and cefotaxime;
still further preferably, the cephalosporin antibiotic is at least one selected from the group consisting of cefadroxil,
cephalexin monohydrate, cefchlorampin, cefalexin and cefotaxime.

6. The hydrate promoter of any one of claims 1-4, wherein the component A is selected from a penicillin antibiotic
and/or a salt corresponding to the penicillin antibiotic;

preferably, the salt corresponding to the penicillin antibiotic is at least one selected from the group consisting
of sodium salt, potassium salt and ammonium salt;
further preferably, the penicillin antibiotic is at least one selected from the group consisting of penicillin G class,
penicillin V class, enzyme resistant penicillin, ampicillin class and pseudomonas resistant penicillin;
still further preferably, the penicillin compound is at least one selected from the group consisting of ampicillin
sodium, ampicillin, penicillin potassium, carbenicillin sodium, penicillin sodium and oxacillin sodium.

7. The hydrate promoter of any one of claims 1-6, wherein the surfactant is a zwitterionic surfactant and/or a nonionic
surfactant.

8. The hydrate promoter of claim 7, wherein the component A is selected from the cephalosporin compounds, the
surfactant is consisting of a Tween series polyol type nonionic surfactant and an alkylphenol polyoxyethylene ether
nonionic surfactant;
still further preferably, a mass ratio between the Tween series polyol type nonionic surfactant and the alkylphenol
polyoxyethylene ether nonionic surfactant is (0.1-10):1, preferably (0.2-5):1, further preferably (0.5-2): 1.

9. The hydrate promoter of claim 7, wherein the component A is selected from the penicillin compounds, and the
surfactant is consisting of a betaine type zwitterionic surfactant and a fatty alcohol polyoxyethylene ether non-ionic
surfactant;
preferably, a mass ratio of the betaine type zwitterionic surfactant to the fatty alcohol polyoxyethylene ether non-
ionic surfactant is (0.1-10):1, more preferably (0.2-5):1, further preferably (0.5-2):1.

10. The hydrate promoter of any one of claims 1-9, wherein the hydrate promoter further comprises an adjuvant selected
from a polysaccharide gum and/or a water-soluble inorganic salt;
preferably, a mass ratio of the component A to the adjuvant is 1: (0.1-5).

11. The hydrate promoter of claim 10, wherein the component A is selected from the cephalosporin compounds, and
the adjuvant is selected from polysaccharides gums;

preferably, a mass ratio of the cephalosporin compound, the polysaccharide gum and the surfactant is 1: (0.1-1):
(0.1-5), preferably 1: (0.3-0.6): (1-5);
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further preferably, the polysaccharide gum is at least one selected from the group consisting of locust bean
gum, guar gum, tara gum, fenugreek gum, flax seed gum, algin gum, xanthan gum, gum arabic and chitosan.

12. The hydrate promoter of claim 10, wherein the component A is selected from the penicillin compounds, the adjuvant
is selected from the water-soluble inorganic salts;

preferably, a mass ratio of the penicillin compound, the surfactant and the water-soluble inorganic salt is 1:
(0.1-5): (0.1-5), preferably 1: (0.1-1): (0.1-5);
further preferably, the water-soluble inorganic salt is at least one selected from the group consisting of Na2CO3,
K2CO3, NaCl, KCl and MgCl2.

13. The hydrate promoter of any one of claims 1-12, wherein the hydrate promoter further comprises an anti-agglomerant,
wherein a molecular structure of the anti-agglomerant contains a carbonyl and/or a hydroxyl and a plurality of cyclic
structures;

preferably, the anti-agglomerant contains 3-4 multi-member rings; further preferably, the multi-member ring is
a five-member ring or a six-member ring;
still further preferably, the multi-member ring is selected from phenyl or a group containing at least one of a C-
C unsaturated bond and an ester group;
still further preferably, the anti-agglomerant is selected from the statin organics, preferably at least one selected
from the group consisting of pravastatin, lovastatin, simvastatin and atorvastatin.

14. The hydrate promoter of claim 13, wherein the anti-agglomerant is contained in an amount of 1-10 parts by mass,
preferably 3-6 parts by mass, relative to a total amount of 1 part by mass of the component A and the surfactant
and optionally the adjuvant contained in the hydrate promoter.

15. The hydrate promoter of any one of claims 1-14, wherein the hydrate promoter further comprises an effervescent
agent, which is capable of voluntarily releasing gas in water;

preferably, the effervescent agent is used in an amount of 0.01-0.5 parts by mass, preferably 0.02-0.3 parts by
mass, relative to a total amount of 1 part by mass of the component A and the surfactant and optionally the
adjuvant contained in the hydrate promoter;
further preferably, the effervescent agent comprises an acid source and an alkali source; preferably a mass
ratio of the acid source and the alkali source is 1: (0.5-2);
still further preferably, the acid source is at least one selected from the group consisting of citric acid, malic
acid, boric acid, tartaric acid and fumaric acid, and the alkali source is selected from a basic carbonate and/or
a basic bicarbonate, preferably at least one selected from the group consisting of sodium bicarbonate, sodium
carbonate, potassium carbonate and potassium bicarbonate.

16. A method for preparing a hydrate, comprising: contacting a gas in an aqueous system with the hydrate promoter of
any one of claims 1-15 under hydrate formation conditions.

17. The method of claim 16, wherein the hydrate formation conditions comprise: a temperature of -20°C to 50°C; a
pressure of 0.1-20MPa.

18. The method of claim 16 or 17, wherein a mass ratio of the total mass of the component A and the surfactant and
optionally added adjuvant relative to water is (0.1-10): 100.

19. A hydrate comprising the hydrate promoter of any one of claims 1-15.
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